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Abstract 
In this work, a model of evolution of hepatitis B cirrhosis based on catastrophe theory was put forward, Witch can  
reveal the evolution of cirrhosis and then help develop effective treatment programs. The mechanism of interaction 
among antigen, antibody, and B cells was researched in the immunization model of hepatitis B virus. Based on the 
feature of hepatitis B cirrhosis, the model of hepatitis B virus immunization was improved, and an evolutionary 
model of hepatitis B cirrhosis was proposed. 
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1.Introduction 
Hepatitis B is a great danger of the more common chronic diseases and is also a refractory clinical 
disease in China. More than 10% of its patients will gradually develop into liver cirrhosis. It has become 
one of the major diseases of China[1]. So far, however, whether Chinese or Western medicine has 
difficult in understanding of this disease, and some inconsistent views with theory and practice are still 
can not be explained. Traditional Chinese Medicine and western medicine have their own strong points 
about treatment methods, but the virus can not be completely eliminated and the hepatitis and cirrhosis 
status can not be removed, and also the purpose of cure can not be completely arrived. Therefore,  the 
chronic liver disease  has long been treated as a national research programs,  and the prevention and 
control about the viral hepatitis as well as the space exploration projects together is regarded as one of the 
16  most important in "Long-term Scientific and Technological Development Plan (2006-2020)" in China. 
Many clinical observation indicates that acute hepatitis B, and even of severe acute hepatitis B, as long 
 
∗ Corresponding author. Tel.: +86-13817131790 
E-mail address: kong_ping_2006@yahoo.com.cn. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Asia-Pacific 
Chemical, Biological & Environmental Engineering Society (APCBEES) Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
363Kong Ping / Procedia Environmental Sciences 8 (2011) 362 – 370
as accompanied by the removal of the virus, disease will not progress to liver cirrhosis; on the contrary, if 
the virus replication continues or repeats, the possibility of cirrhosis is more possible[2]. As we all know, 
the virus multiplies in the liver cells do not damage the liver cell replication, immune response occurs 
only when the body of their liver disease occurs. Therefore, when the human body is infected, the virus 
continue to replicate or not in the body, the liver damage occurred or not and its type, which is not simply 
caused by the virus itself, but by the virus, the host and the complexity of the system determined by their 
interactions. 
Current theories think cirrhosis as a gradual process, and divide it into three stages: mild disease, 
moderate disease and severe disease. However, there are still some unresolved issues in the application of 
this classification, therefore, how to divide the process of cirrhosis of the evolution of phases, so its better 
for targeted research, has become the research focus areas of hepatitis B cirrhosis. 
In fact, from the perspective of complex systems theory of mutation analysis, we can see that Cirrhosis 
is a quantitative change to qualitative change in the mutation process. And its evolution can be divided 
into two phases: quantitative phase (stage of chronic hepatitis B), and qualitative phase (liver cirrhosis 
stage). The feature of the stages of chronic hepatitis B is that virus replicates in liver cells but no loss of 
reproductive liver cells. If well, then, the condition is always close to chronic hepatitis B, and does not 
convert to liver cirrhosis. Liver cirrhosis stage is characterized by the body immunes to the invading virus, 
and liver disease occurs. This phase can be divided into early and late cirrhosis, and in the early phase , as 
less severe, chronic hepatitis B stage is recoverable through timely treatment. But the virus can not be 
completely removed, so this phase of the disease showed liver cirrhosis and chronic hepatitis B between 
the initial repeated. In the late, persistent or recurrent activities in the evolution of the disease lead to scar 
tissue on the growing, and over time then the liver's normal structure is damaged and the form of the liver 
has been changed and the liver and texture has become harder. 
In fact, in foreign countries, Catastrophe theory has been applied to biology and medicine in the case 
study for a long time. Such as: 1979 U.S. doctor EJ Serif thyroid treatment in the study, using catastrophe 
theory analysis of the abrupt change of thyroid hormone hyperthyroidism; In 1984, the United Kingdom 
G Uddenberg used catastrophe theory to describe and predicate children with MBD (Minimal Brain 
Dysfunction, MBD) , and made recommendations for treatment. In 1990, the United States, Michael AB 
Deakin made using catastrophe theory describes the characteristics of anorexia and proposed treatment of 
hypnosis program [5]; In 1976, Dent used the theory to solve such a "predator - prey" population ecology 
issues [6]. In 2001, STEPHEN J. and GUASTELLO studied some psychological problems with 
catastrophe theory in their book nonlinear dynamic psychology. In the same year, DG Byrne and so on, 
used cusp catastrophe model to discuss smoking and the corresponding issues. 
In this paper, based on Merrill B-cell stimulation and humeral immune response mutation model  [9], 
and based on catastrophe theory, according to the evolution of hepatitis B virus in liver and immune 
system characteristics and laws, an evolution model about  liver cirrhosis  is established. 
2.Catastrophe Theory  
The catastrophe theory is the theory based on mathematical theory such as singularity theory and 
stability theory, and the theory is used to study the phenomenon of discontinuous change. In the theory, 
Thom studied the classification problem of the primary functions, and classified the singularities in the 
gradient system through establishing links between the differential equations and functions. And seven 
types of mutation types (fold, cusp, swallowtail, butterfly, elliptic umbilical, hyperbolic and parabolic 
umbilical cord) were summarized by research. Catastrophe theory indicates that there are only these seven 
mutations in primary classes about two state variables and four control variables, as for a system existing 
abrupt change, as long as its number of state variables and control variables are established, we can select 
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the corresponding primary function mutations as the evolution of the system model, and then solve the 
system's evolution characteristics.  
Catastrophe theory considers not only a single parameter changes, but the overall picture of the 
situation when the number of parameters near the bifurcation equilibrium point changes, especially 
sudden changes occur. It studies the basic characteristics of the phenomenon of the following mutations. 
System state space must have multiple stable steady state, thus when changing the parameters, system is 
likely to emerge from a steady transition to another steady state, that is to say mutation. There are 
unstable steady state between the different stable steady state, and system from one steady state to another 
steady-state transition directly cross this state, and unstable steady state can not be achieved in practice. It 
is different process change that the system converts from one steady state to another steady state because 
of different values of control parameters. Mutation changes the direction and control of variables related 
to. Control variables change from one direction and control variables from the other mutations occurred 
in the direction of change, it is not the same, there are hysteresis; bifurcation curve in the vicinity of the 
control parameters change slightly different path, can cause system to produce completely different nature 
state. Of course, the mutant form of the more complex features more. Application of catastrophe theory is 
not only limited to the field of mathematics, mechanics and physics in the natural sciences, but also 
extended to the biological and social sciences fields. 
The spatial critical points of a function with non-zero eigen values of the Hessian are called Morse 
critical points. The Morse Lemma states that at these points the qualitative properties of the function are 
determined by the quadratic part of the Taylor expansion of this function. This part can be reduced to the 
Morse canonical form by a slick choice of coordinates. 
If at a spatial critical point the Hessian degenerates, so that at least one of the eigen values is zero, the 
type of the spatial critical point cannot be determined. 
The catastrophe points of L(x; t0) are defined as the points where both the spatial gradient and the 
determinant of the Hessian vanish: 
 
0  ) tL(x; 0 =∇  and det H(x; t0) = 0. 
The term catastrophe was introduced by Thom [10,11]. It denotes a (sudden) qualitative change in an 
object as the parameters on which this object depends change smoothly. This behavior was already 
known by the terms perestroika, bifurcation and metamorphosis. The name catastrophe theory was 
suggested by Zeeman [12] to unify singularity theory, bifurcation theory and their applications and gained 
wide popularity. A thorough mathematical treatment on singularity theory can be found in the work of 
Arnol'd [13-18]. More pragmatic introductions and applications are widely published, e.g. [19-23]. 
The catastrophe points are also called non-Morse critical points, since a higher order Taylor expansion 
is essentially needed to describe the qualitative properties. Although the dimension of the variables is 
arbitrary, the Thom Splitting Lemma states that one can split up the function in a Morse and a non-Morse 
part. The latter consists of variables representing the k \bad" eigen values of the Hessian that become zero. 
The Morse part contains the n-k remaining variables. Consequently, the Hessian contains a (n-k)×(n-k) 
sub-matrix representing a Morse function. It therefore suffices to study the part of k variables. The 
canonical form of the function at the non-Morse critical point thus contains two parts: a Morse canonical 
form of n-k variables, in terms of the quadratic part of the Taylor series, and a non-Morse part. The latter 
can by put into canonical form called the catastrophe germ, which is obviously a polynomial of degree 3 
or higher. 
Since the Morse part does not change qualitatively under small perturbations, it is not necessary to 
further investigate this part. The non-Morse part, however, does change. Generally the non-Morse critical 
point will split into a non-Morse critical point, described by a polynomial of lower degree, and Morse 
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critical points, or even exclusively into Morse critical points. This event is called a morsication. So the 
non-Morse part contains the catastrophe germand a perturbation that controls the morsications. 
Then the general form of a Taylor expansion f(x) at a non-Morse critical point of an n dimensional 
function can be written as (Thom's Theorem): 
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where CG(x1,…,xk) denotes the catastrophe germ, PT(x1,…,xk; Ȝ1,…, Ȝ2) the perturbation germ with an l-
dimensional space of parameters, and in the Morse part İi f1. In Table 1 the germs with l4 are listed.  
Table 1. Description of non-Morse critical points for maximal 4 dierent perturbation parameters. Each contain a catastrophe germ 
(CG) and corresponding perturbation term (PT).s 
name CG PT 
Fold 3x  x1λ  
Cusp 4x±  221 xx λλ +  
Swallowtail 5x  33
2
21 xxx λλλ ++  
Butterfly 6x±  44
3
3
2
21 xxxx λλλλ +++  
Hyperbolic 
Umbilic 
32 yyx +  2321 xyx λλλ ++  
Elliptic  
Umbilic 
32 yyx −  2321 xyx λλλ ++  
3.Immunization model of Hepatitis B virus  
According to immunology research findings, antibody production need assistance to identify antigen 
specific T cells, and B cells can recognize antigens information, proliferation and differentiation of the 
formation of antibody producing cells, In addition, there must be participation of macrophages to complete. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                        
Fig. 1  the diagram of interaction mechanism between macrophages, T cells and B cell 
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Figure 1 shows the antibody production process, macrophages, T cells and B cell interaction 
mechanism, in certain cell surface antigens on the Ig-like receptor B cells, and antigen binding and 
received the first signal. Signal 1 is activated in cell metabolism, then contact with T cells activated by the 
same antigen, or react with the T cell factor in the formation of the second signal, make B cells produce 
antibody cells, the second signal is transmitted by T cells to B cells, does not produce its own antibodies, 
which is the auxiliary effect of T cells. This process can be further explanation in Figure 2. When the 
antigen into the lymph nodes after macrophage, processed antigen excess can also cause the macrophage 
to be passed to the cell membrane. Antigen-specific T helper cells as B cells, can recognize this antigen, 
the formation of triple cell complex, interaction, B cells further differentiate into plasma cells and 
antibodies. 
 
Fig. 2. diagram interaction macrophages, T cells and B cell  
 
Based on the conclusions of the immune response to catastrophe model is as follows: 
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Where: x for the system to stimulate the total number is dimensionless quantity, -1x+1, +1 indicated that 
all B cells are not activated.-1 indicated that all B cells are activated. 
a express free antibody concentration (relative value). 
b express the concentration of non-binding antigen (relative value). 
Ȗ2 and Ȗ1> 0, is independent of antigen and free antibody rupture rate of mobility of mobile sofitel. 
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Need to explain that choice as the state variable x composition formula (1) the biological hypothesis is as 
follows: 
(1)B cells have an internal regulator mechanism, and can response from the cell surface can be obtained 
information, and can also response when necessary, to stimulate and antibodies 
(2) the mechanism identified in x-a-b space allowed the surface; 
(3) the surface when the f = 0. 
In the region a  0, b  0, -1  İ  1 and 0  į  į0 , there is a balanced position, and (x0, a0, b0) = (1,0,0) is 
the equilibrium point, unstipulated B cells corresponds to the situation. This antigen and free antibody is not a 
state known as the "pure state”. Antigen corresponds to the initial conditions of infection x(0) =1 and a(0)=0, 
b(0)=ȕ>0, ȕ is the concentration of antigen infection. 
Eq. (1) is a cusp catastrophe model, because a-b plane coordinate projection 
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 divides coordinate plane into two regions. Internal, each group (a, 
b) value corresponds to three different values of x; external, f only corresponds to one x value.  
Because İ is very small, equation (1) will remain in the f = 0 surface within the neighborhood. 
The values of a and b are any given, here a=b=1/2, and only consider 0  b (0)  1 case. 
There is an asymptotically stable critical point on solution of Eq. (1) when İ> 0,0 <į <į0, x = 1, a = 0, b = 0, 
At the point (1,0,0) on the equation (1-5) linear,  
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Eigen values of matrix A Ȝ is the root of the following equation: 
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When į> 0, all three Eigen values have negative real parts, so equation (1) have asymptotically stable 
critical point. 
4.Mutation model based on evolutionary model of hepatitis B cirrhosis 
The model is based on the hepatitis B virus vaccine with human immune system mutation model under 
equilibrium conditions. We studied the evolution of hepatitis B cirrhosis, apparently in the process of the virus 
than the number of antibodies to break the balance condition. When the antigen is more than antibodies Would 
cause cells to the clonal propagation of plasma cell differentiation, and proportional to the number of B cells, 
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thus increasing here a number of B cells and memory cells in the differential equation, we assume that the 
small number of B cells and memory cells have a limit Cmax, cell number is proportional to the limit, and that 
the number of ways to grow on, if the definition of 
B
JBC +=                                                                                                                                    (5) 
One representative of B cells in B, J on behalf of memory cells. Have:  
( )( ) 0, 3max3 >−−= γγ CCbacdt
dc
                                                                                       (6) 
Because the secondary reaction (C (0)>> 1) is a low-threshold characteristics of antigen concentration, 
this pair of equations (1) make the following amendments: to b to bc, that is: 
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Then pure state into a (x0, a0, b0, c0) = (1,0,0,1), humeral immune response model is as follows: 
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Initial value is x (0) = 1, a (0) = 0, b (0) = ȕ  1, C (0) = ı, 0  ı  Cmax. 
Critical point x = 1, a = 0, b = 0, C = ı, the C = 0 and C = Cmax between the numerous possible 
equilibrium, The impact of the product bC is the mobile folding curve (threshold) closer to the initial state (1,0,0, ı), ı> 1, and ı 
<1 corresponds to a response. 
   
(a)                                 (b) 
Fig. 3. (a) is the curve satisfies with the equ. (7), (b) is the curve satisfies with the equ. (8) 
In this model, x is still regarded as a stimulus parameter, but unlike the previous model, x is no longer 
limited to [-1, +1] within, it is now restricted to [h (Cmax, 1) ], Cmax is the equation’s only root: 
0
2
1
2
1
max
3
=−+− Cxx                                                                                                             (9) 
Assume that Cmax> 1. Shows the value of x will depend on C, dominated a (t) the differential is not 
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included C. 
Figure (4) shows the sharp Shui mutation based evolutionary model of liver cirrhosis, chronic hepatitis 
B surface leaf stage on behalf of, the next leaf stage on behalf of liver cirrhosis. Note the smoothness of 
the surface state, chronic hepatitis and cirrhosis stage are the two stages of the process of quantitative 
change, which is part of two states, causing the surface state of folding mutations. 
May occur between the two phases Į and ȕ mutation, Į mutations lead to changes in hepatitis to 
cirrhosis, ȕ mutations suggests the possibility of cure in patients with cirrhosis. Abs plane, said changes in 
antigen and antibody interaction. 
 
Fig. 4 the model of evolution of hepatitis B cirrhosis based on cusp Catastrophe 
5.Conclusion 
This paper describes the evolution of liver cirrhosis, antigen, antibody and B cell mutation has the 
basic characteristics and operation rules, based on catastrophe theory discusses the evolution model of 
hepatitis B cirrhosis, and the potential function to determine the critical point mutations, stable set of 
points and bifurcation points At present, the domestic use of mutation model of evolution of liver 
cirrhosis is still in the gaps, the study revealed liver cirrhosis for the development of laws of nature are 
very positive, also targeted for further treatment to a certain guidance. 
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